Azadinium spinosum, a small toxic dinoflagellate, was recently isolated and identified as a primary producer of azaspiracid toxins (AZAs). Previous experiments related to AZA accumulation in blue mussels upon direct feeding with A. spinosum revealed increased mussel mortality and had negative effects on the thickness of the digestive gland tubules. Therefore we conducted follow up experiments in order to study effects of A. spinosum on mussel feeding behaviour. Individual assessment of mussel feeding time activity (FTA), clearance rate (CR), filtration rate (TFR), absorption rate (AR), faeces and pseudofaeces production were carried out on mussel fed either toxic (A. spinosum) or non-toxic (Isochrisis aff. galbana (T-Iso)) diets. Furthermore, AZA accumulation and biotransformation in mussels were followed using liquid chromatography coupled to tandem mass spectrometry (LC-MS/MS). Azadinium spinosum had a significant effect on mussel feeding behaviour compared to T-Iso: CR was lower by a factor of 6, FTA by a factor of 5, TFR by a factor of 3 and AR even decreased to negative values for the last day of exposure. Even so, a rapid AZA accumulation was observed during the first hours of the trial; less than 6 h of feeding were required to reach AZA concentration in mussel above regulatory level. In consistence with physiological observations, AZA concentration of about 200 μg kg −1 did not increase further until the end of the study. AZA bioconversion was also found to be a fast process: after 3 h of exposure AZA17, -19 and AZA7-10 were already found, with a proportion of AZA17 equal to AZA2. These results show a negative effect of A. spinosum on blue mussel feeding activity and indicate a possible regulation of AZA uptake by decreasing filtration and increasing pseudofaeces production.
Effect of

Introduction
Azadinium spinosum LV D VPDOO WR[LF GLQRIODJHOODWH ZKLFK ZDV UHFHQWO\ LVRODWHG LQ WKH 1RUWK 6HD DQG FKDUDFWHULVHG DV $=$ DQG SURGXFHU 7LOOPDQQ HW DO 6LQFH WKLV ILUVW LGHQWLILFDWLRQ VSHFLHV RI WKH JHQXV
+RZHYHU WKLV GDLO\ LQFUHDVH RI &5 IROORZLQJ VHDZDWHU UHQHZDO ZDV RQO\ REVHUYHG GXULQJ WKH ILUVW GD\V RI WKH H[SRVXUH WR A. spinosum DQG ZDV DOPRVW QHJOLJLEOH DW WKH HQG RI WKH H[SHULPHQW. )HHGLQJ WLPH DFWLYLW\ RUJDQLF ILOWUDWLRQ LQJHVWLRQ DQG DEVRUSWLRQ UDWHV 7KH GDLO\ PXVVHO IHHGLQJ WLPH DFWLYLW\ )7$ 7DE ZDV FOHDUO\ DIIHFWHG E\ GLHW 0XVVHO IHG 7Iso KDG D )7$ RI PRUH WKDQ ZKLFK VLJQLILFDQWO\ GHFUHDVHG ZKHQ PXVVHOV ZHUH IHG $. spinosum. 'XULQJ WKH H[SRVXUH WR A. spinosum WKH PXVVHO )7$ IXUWKHU GHFUHDVHG IURP WR 0XVVHO 7)5 DQG 7,5 SUHVHQWHG LQ WDEOH ZHUH FORVHO\ UHODWHG DQG YDULHG DV D IXQFWLRQ RI SVHXGRIDHFHV SURGXFWLRQ $ SURGXFWLRQ RI SVHXGRIDHFHV ZDV REVHUYHG IURP WKH ILUVW GD\ WR WKH HQG RI WKH H[SHULPHQW XQGHU WKH WR[LF GLHW ZKHUHDV RQO\ VPDOO DPRXQW RI SVHXGRIDHFHV ZHUH REVHUYHG DQG ZHLJKHG ZKHQ PXVVHOV ZHUH IHG 7Iso RQ GD\ RI WKH H[SHULPHQW H[SODLQLQJ WKDW ERWK 7)5 DQG 7,5 DUH YHU\ VLPLODU IRU WKH QRQWR[LF GLHW 7KH PXOWLIDFWRU $129$ VKRZHG WKDW ERWK IDFWRUV WKH W\SH RI IRRG DQG WKH WLPH ZKHUH WLPH UHIHU WR WKH GD\V ZLWKLQ D SDUWLFXODU GLHW KDG D VLJQLILFDQW HIIHFW A. spinosum VLJQLILFDQWO\ GHFUHDVHG PXVVHO 7)5 DQG 7,5 FRPSDUHG WR 7Iso 7KH HIIHFW RI WLPH ZDV DOVR VLJQLILFDQW )XUWKHUPRUH 7,5 ZDV QHJDWLYH GXULQJ WKH ODVW GD\ RI IHHGLQJ A. spinosum
7KH PXVVHO DEVRUSWLRQ UDWH $5 DOVR XQGHUOLQHG WKH QHJDWLYH HIIHFW RI WKH A. spinosum GLHW 0XVVHOV VLJQLILFDQWO\ GHFUHDVHG WKHLU $5 ZKHQ WKH GLHW ZDV VZLWFKHG IURP 7Iso WR A. spinosum 7KLV ORZHU $5 FRQWLQXRXVO\ GHFUHDVHG XQWLO WKH HQG RI WKH H[SHULPHQW WR HYHQ QHJDWLYH YDOXHV 7DE 7KH SURGXFWLRQ RI IDHFHV DQG SVHXGRIDHFHV ZHUH DVVHVVHG GDLO\ 3URGXFWLRQ RI IDHFHV ZDV WKH RQO\ SDUDPHWHU LQIOXHQFHG QHLWKHU E\ GLHW QRU E\ WLPH +RZHYHU WKH SURGXFWLRQ RI SVHXGRIDHFHV ZDV VLJQLILFDQWO\ DIIHFWHG E\ WKH GLHW VXSSOLHG 0XVVHOV H[SRVHG WR A. spinosum SURGXFHG VLJQLILFDQWO\ KLJKHU DPRXQWV RI SVHXGRIDHFHV )XUWKHUPRUH PXVVHO SVHXGRIDHFHV SURGXFWLRQ LQFUHDVHG DV D IXQFWLRQ RI WLPH P 0LFURVFRSLF DQDO\VLV RI PXVVHO IDHFHV UHYHDOHG WKDW WKH\ FRQWDLQHG D IHZ HFG\VHG

Discussion
,Q D SUHYLRXV VWXG\ RQ $=$ DFFXPXODWLRQ LQ EOXH PXVVHOV IHG A. spinosum D IDVW LQLWLDO WR[LQ DFFXPXODWLRQ ZDV IROORZHG E\ D VORZ IXUWKHU LQFUHDVH RU D VWDELOLVDWLRQ RI DFFXPXODWHG WR[LQV )XUWKHUPRUH ZH REVHUYHG D QHJDWLYH HIIHFW RI A. spinosum RQ PXVVHO GLJHVWLYH WLVVXHV -DXIIUDLV HW DO F &RQVHTXHQWO\ ZH K\SRWKHVLVHG WKDW A. spinosum LV D PLFUR DOJD HLWKHU WR[LF WR PXVVHOV RU RI SRRU QXWULWLRQDO TXDOLW\ IRU PXVVHOV DQG WKXV $=$ XSWDNH ZDV OLPLWHG E\ D GHFUHDVH LQ FOHDUDQFH UDWH DQG DQ LQFUHDVH LQ WKH A. spinosum UHMHFWLRQ via WKH SVHXGRIDHFHV 7KLV K\SRWKHVLV ZDV HVWDEOLVKHG IROORZLQJ PHFKDQLVPV FRQWULEXWLQJ WR ORZ WR[LQ XSWDNH E\ R\VWHU 0DIUD HW DO DQG WKH DELOLW\ RI M. edulis WR UHMHFW EDG VHVWRQ TXDOLW\ GXH WR D KLJK FRQWHQW LQ LQRUJDQLF SDUWLFOHV %D\QH HW DO 6XEVHTXHQWO\ WKLV VWXG\ ZDV GHVLJQHG WR FRPSDUH IHHGLQJ UHVSRQVHV RI PXVVHOV ZKHQ IHG QRQWR[LF DQG WR[LF GLHWV EDVHG RQ I. DII galbana DQG A. spinosum, UHVSHFWLYHO\ 1RQWR[LF GLHW EDVHG RQ 7Iso KDG GLIIHUHQW FHOO GHQVLWLHV RQ SXUSRVH GXH WR GLIIHUHQW FHOO VL]H DQG VOLJKWO\ GLIIHUHQW 730 DQG FHOOXODU YROXPH FRPSDUHG WR WKH WR[LF GLHW EDVHG RQ
7Iso A. spinosum -0.10 ± 0.06 -0.14 ± 0.08 $129$ 'LHW P P P P P P 7LPH P P P P P P 'LHW î 7LPH 
